This paper examines the regime-switching behaviour of the six major international securitised real estate markets by utilizing the Dynamic Markov-Switching methodology. Using crises-rich sample period of 1993-2010, we find that the securitised real estate returns can be sufficiently characterised by two distinct regimes of high return-low volatility and low-return high-volatility that are substantially different from the underlying stock markets in terms of the duration and risk-return characteristics of the regimes in each market. The presence of two distinct regimes provides new international evidence on the sector's relationship with interest rates and the fact that securitised real estate reaction to unexpected market interest rate changes is of the asymmetric nature
Introduction
A number of research papers have considered the sensitivity of real estate securities to interest rates. A common finding in this literature has been the evidence of the time-varying influence of market interest rates on securitised real estate markets. A number of papers have documented shifts in the relationship between REITs and the fixed-income market (e.g. Glascock et al., 2000; Swanson et al., 2002; and Cheong et al., 2009) whilst Liang et al. (1995) helped businesses to focus on issues like liquidity and asset quality. At the same time it left the companies exposed to the event of the potential interest rate rise in the future (Clair et al. 2009 ).
Our goal in this paper is to examine regime shifts in the behaviour of securitised real estate relative to the stock markets. Secondly, by assuming formal regime changes, we attempt to examine the exposure of securitised real estate to interest rate risk. We examine this issue by allowing the effects of interest rate changes to vary in accordance with the state of the underlying securitised market. In particular, we question whether the interest rate sensitivity of real estate companies varies during persistent periods of market turbulence (bear state) in comparison with periods of market tranquillity and high returns (bull state). For that we employ short-term as well as long-term interest rate measures: the changes in 1-month, 3-month, 12-month and 10-year government bonds yields. The understanding of the interest rate impact during bull and bear markets is important for publicly traded real estate businesses and their stockholders as well as portfolio fund managers. For the former, evidence of the regimedependent effects is intended to help managing interest rate risk more efficiently. For the latter, it will aid their decision making in terms of the investment's risk-return profile of the sector and/or an individual company.
With the data time span between 1993 to 2010, our choice of the markets to be included in the sample is motivated by the growth of the listed real estate industry, the expansion of taxtransparent REIT regimes internationally and the increase in cross-border real estate investment over the last decade. Therefore, the paper aims to provide a number of contributions to the literature. Firstly, we model regime-switching behaviour in six largest international securitised real estate markets. Our sample comprises of four Asian-Pacific markets (Australia, Hong Kong, Japan and Singapore) and two large Western markets (U.S. and the U.K). European Public Real Estate Association (EPRA) and National Association of Real Estate Investment Trusts (NAREIT) estimate market capitalization of these countries to be over $800bn, which also represents approximately 80% of the global listed real estate market. These countries are also the largest real estate equity markets in terms of market capitalization and trading volume (Psaltis & Chubb, 2008) . The sample is also of interest as it contains a mixture of regulatory structures. Two of the securitised real estate markets, Australia and the U.S., operated under a REIT regime throughout the entire sample period. The remaining markets have introduced a REIT structure during the time considered in the study. Furthermore, in Hong Kong the majority of real estate companies, including the largest, remain corporates. In addition, in the U.K., the majority of firms have also retained a corporate structure, although in this case the majority of the large cap stocks did convert to REIT status. The question of whether interest rates exposure differs with regard to the two alternative structures remains largely open, with only a few works available. For instance, Stevenson et al. (2007) find significant exposure in the context of U.K. property companies. Their study covers a period of low and stable interest rates and shows that the significance of the interest rate factor for listed real estate returns is not dependent on a REIT status being in place.
In addition to considering a broader range of markets, particularly within an Asia-Pacific context, this paper also differs from the previous literature in differentiating between the anticipated and unexpected components of interest rate movements. We find that every market from our sample exhibit a high degree of sensitivity to unexpected interest rate movements.
Previous work has largely relied on the actual market interest rates. The importance of taking into account market expectations is highlighted in a small number of papers and is dominated by the literature on financial institutions.
1 Following Flannery & James (1984) and Bae (1990) we estimate unanticipated interest rate changes through appropriate Autoregressive Moving Average (ARMA) specifications. We transform the autocorrelated changes into white noise, which can be viewed as the unexpected component of the interest rate proxy. Consistently with a critic by Tufte & Wohar (1999) , our sample is large enough to account for potential inefficiency in OLS estimates of the ARMA models. In the second stage, when the effects of interest rates on securitised real estate are considered, we also abandon OLS regression in favour of dynamic Markov-Switching models and a variation of the Generalised Autoregressive Conditional Heteroscedasticity (GARCH) type of model.
Our Markov-Switching regression analysis augments the recent work by Chen et al. (2012) who model U.S. market regimes non-parametrically and assume that the reaction of U.S. REITs to macroeconomic variables is governed by the regime shifts in the S&P500. As a further contribution, we show that the impact of the macroeconomic variable such as interest rates can be modelled within the Dynamic Markov-Switching framework. This framework allows securitised real estate returns to shift between low and high volatility states of the sector and offers each exogenous variable separate coefficient estimates for each state of the market. One of the key findings that we observe is that asymmetries are presented in the reaction to interest rate changes between the two variance regimes. These findings are especially evident in the bear state of the market.
Finally, we analyse each countries securitised real estate volatility reaction to the statedependent measures of the interest rates uncertainty using GARCH models. GARCH models are augmented with conditional volatilities of the interest rate variables and are estimated with the maximum likelihood functions suggested in Bollerslev & Wooldridge (1992) . We find that the volatility of securitised real estate markets is affected by the interest rates uncertainty across our sample. Moreover, we find consistently that higher variance in securitised real estate is associated with either the absolute change or increased conditional volatility of domestic interest rates. The asymmetry in the variance sensitivity to interest rates is dominated during regimes shifts within the listed real estate sector and not the overall stock market. In the latter case, the evidence of asymmetries in variance is much weaker. A potentially mistaken assumption that securitised real estate markets are driven by the underlying stock markets explains a lack of significant findings in Chen et al. (2012) . One the last two findings reveal a counter-cyclical behaviour of the securitised real estate sector when compared to the stock market. Therefore, the real estate sector yet again can be viewed as a separate market from the general equities. This can be potentially useful from the portfolio management point of view since we find that the impact of the potential risk proxies is weaker during the periods of the general market instability.
Literature review
The linear relation between listed real estate price changes and interest rate fluctuations is examined by a number of studies. The majority of them considers U.S. REIT market and yet fails to assert the significance of the interest rate risk exposure. For instance, early work of Chen & Tzang (1988) Overall, the estimation procedures, time periods under examination and the country of interest vary greatly. However, the majority of the studies adopt a generally common proxy for the interest rates represented by the government bond yield changes. 4 In particular, Devaney (2001) and He et al. (2003) Multiple interest rates proxy becomes relevant since concede that the interest rate risk exposure often shifts from the long-term to the short-term rates depending on the macroeconomic situation or the type of listed real estate company.
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Securitised Real Estate and Stock Markets Data
3 Similar results are found in the banking sector, where Kane & Unal (1988) and Yourougou (1990) report varying interest rate sensitivities during periods of high and low volatility 4 The exception is the study by For each market the broad equity market is used as a control variable, consistent with previous studies (e.g. McCue & Kling, 1994; Stevenson et al., 2007) . The market indices used were the ASX200 (Australia), Hang Seng Index (Hong Kong), Nikkei 225 (Japan), Straits Times Index (Singapore), FTSE 100 (U.K.) and the S&P500 (U.S.). Each of the stock market benchmarks are the largest stock exchanges in their respective countries. The main goal of the inclusion of these indexes in the analysis is to control for the broad market sentiment. It is done to separate the news about stock markets from the news that indicate changes in interest rate risk of the real estate sector. Also this makes the conclusions about listed real estate exposure to interest rate risk being sector real estate specific. Otherwise, if the following tests find no significant influence of interest rates on real estate prices, it will imply that listed real estate exhibits the same level of interest rate sensitivity as the equity market portfolio. The formulation does not necessarily imply that the immunity of real estate to interest risk is tested. Rather it is interesting to identify whether listed real estate exposure differs from the general stock market.
Thus, the largest equity indices had to be chosen for each country. Alternative equity indices of smaller capitalisation stocks would not be as appropriate for the analysis since they capture the specific segment of equities with less trading and liquidity involved that is essential to capture the broad market sentiment.
Additional reason for inclusion of the general stock market portfolio in the analysis as a control variable is dictated by the exposure of the regression estimates to an omitted-variable bias. This problem is potentially causing the instability of findings in the previous literature as seen in
Devaney (2001), Liow & Huang (2006) and Najand et al. (2006) . Moreover, the stock market is often found to be the main determinant of REIT returns in the U.S. (Gyourko & Keim, 1992; Oppenheimer & Grissom, 1998; Okunev et al., 2000) . This may be even more so in the markets like Hong Kong, Singapore and the U.K. where public property companies represent a far larger proportion of the stock market and far more integrated in the underlying equity sector than REITs in the U.S. If interest rates are correlated with the stock market as shown in Fogler et al.
(1981), Chen et al. (1986) and Sweeney & Warga (1986) , the regression model will result in a biased interest rate beta estimate, where the sign and magnitude of the bias may remain unknown (Greene, 2003) .
Interest Rates Data
Changes in daily interest rates are defined as the simple difference between the appropriate domestic government bonds yield: A key component of the paper is the examination of unanticipated interest rate movements. We adopt the two-step approach used in papers such as Flannery & James (1984) , Madura & Zarruk (1995) and Faff & Howard (1999) who illustrate that expectations about future interest rate movements can be extracted using an appropriate ARMA specification. Following, Tufte & Wohar (1999) , in order to account for any potential inefficiency of the two-step OLS we obtain a large sample size of daily interest rate changes that adds more consistency into OLS estimate performance in the ARMA stage. In our second step, we estimate Markov-switching and GARCH models using maximum likelihood functions that provide more flexibility into estimation.
Methodology
Markov-Switching Autoregression
We employ the methodology that is based on two types of Markov-switching models originally introduced by Hamilton (1989) . Firstly, the presence of regimes in securitised real estate and general stock market series is considered. Therefore, Markov-switching autoregression (MS-AR model) is applied with the objective to obtain characteristics of regimes of two assets of interest.
MS-AR allows us to assess regimes persistence and assets' mean-variance performance. The smoothed probabilities identify regimes of the assets as high-return stable and low-return volatile.
A simple Markov-switching model specification that is referred as MS-AR(k) model can be described as follows:
is the lag operator, 
where
The model is estimated using maximum likelihood procedure that uses non-linear programming approach of Lawrence and Tits (2001) Overall, I find every listed real estate market to experience distinguishable two-regime meanvariance performance and regime persistence that is different from the underlying stock market.
These findings provide an alternative surface for the assessment of systematic risks in listed real estate. It includes the consideration of the market beta and the sensitivity to interest rate changes that are often assumed to be constant over time.
Dynamic Markov-Switching Model
Next, we employ a variation of Regime-Switching models known as Markov-switching dynamic regression model (MS-DR). The main advantage of this type of models as it allows the specification of the dynamics to enter the equation as well as to include a set of explanatory variables (X t ). There is a distinctive difference between two specifications in terms of how the variables adjust to the regimes. In MS-AR(k) model, a regime shift occurs in the mean   
Empirical Results
Dynamic Regime-Switching Approach Table 2 With respect to interest rate results, the evidence is consistent with the previous literature in regard to the long-term interest rate representing the most significant factor as shown in He et al. (2003) . We find the significance of 10-year domestic government bond yield changes during the bull state of the listed real estate in Australia and Hong Kong (-0.33 and -0.44 respectively).
A stronger (in absolute value) sensitivity to the long-term interest rates is documented for the US REITs (-2.01) and the market in Japan (1.97). The higher value of the coefficient estimates is no surprise since they are found in relation to the bear state of the market when the risk can be transmitted at higher magnitude. Two markets, namely Singapore and the UK are found to be sensitive to the shorter-end of the yield curve. In Singapore, all three measures of the shortterm interest rates influence the returns of the public real estate companies during the periods of sector's instability. The evidence for the UK is weaker in terms of confidence level with 3-and 12-months rates impact during the bull state of the market.
One of the advantages of using Markov-Switching models is the ability to test the presence of the asymmetries in the effects from the explanatory variables. In particular, we are interested in interest rate impact and whether it is different during the bull and bear states of the market. The
Wald test results for the general restrictions
highlights strong asymmetric reaction of listed real estate returns to interest rate changes only for the US and Singapore. To recall, these are two markets with the sector's interest rate sensitivity predominately during the market stress regime.
Modified GARCH
In the last part of our analysis, we look at whether the reaction of listed real estate volatility differs during the times of turbulence in comparison with the periods of stability. , and , a a a a measure the average response of listed real estate sector to both main stock market and interest rate news in bear and bull markets respectively.
FIGURE 1 HERE
The conditional variance of real estate securities is modelled assuming it follows a univariate asymmetric GJR-GARCH process and is a function of past squared shocks ( h , ). We estimate the specification using the five interest rates variables described in Data Section. Finally, the model is estimated using two alternative conditional volatility specifications with respect to interest rate variables.
One uses absolute interest rate changes as in Baillie & DeGennaro (1990) . The second specification uses conditional variance of the interest rate series similar to Elyasiani & Mansur (1998) and Stevenson et al. (2007) .
Equations (6)- (9) are estimated using the quasi-maximum likelihood procedure with the normal likelihood function and robust standard errors as suggested by Bollerslev & Wooldridge (1992) .
The results are reported in Table 3 and 4. Our GJR-GARCH specification allows us to test a number of important empirical questions. Firstly, we allow the dummy variables to proxy for the 'bull' and 'bear' states on the listed real estate as well as general stock market. Hence, we are able to compare whether interest rate sensitivity of listed real estate differ during the good and bad times on the stock market and the sector. Simple R-square figures can be used to identify the performance of the return generating process specification between two models. It is evident that on average the performance in terms of goodness-of-fit is does not vary much for all Asia-Pacific markets. This implies a stronger integration of the listed real estate sectors of those countries into their domestic general stock markets. However, we document substantial increase in R-square figures for the U.S. REITs (from 23% to 53%) and U.K. public companies (from 30% to 39%). The results for R-square figures are supported by the traditional "betas" (coefficients 12 and aa using our notation). Particularly, listed real estate in Asia-Pacific move closer to the overall stock markets which is reflected in betas close to unity irrespective of the choice of market states dummies. Tables 3 and 4 indicate that in the majority of cases listed real estate is less risky than the overall stock market. This is especially important finding for the periods of high volatility regime of the latter. In Asia-Pacific markets, the coefficients for listed real estate of Australia and Japan during the times of the general stock market downturn are between 0.71 and 0.95 respectively. The figures are most staggering for the U.S. REITs and UK public companies. In the U.S. we find beta of 0.31, while for the U.K. beta is around 0.45 on average. These results support the notion that real estate stocks represent the defensive and counter-cyclical asset relative to the underlying stock market during the stock market falls. Finally, our Modified GARCH models report coefficient estimates of interest rate variables that we include in the variance equations (8a,b).
9 Coefficients 45 and bb in Table 3 refer to the estimates of the impact of the absolute interest rate changes on listed real estate market total risk. Among the findings, we detect that in every country in our sample, during the bear state of the market, the absolute changes in interest rates increase real estate market volatility. In contrast, during the bull state of the market, absolute changes in interest rates lead to the subsequently reduced volatility clustering in listed real estate sector. Both findings are consistent to multiple sources of interest rates across the markets in our sample. They are also consistent to interest rate variable introduced in the variance equation. Table 4 reports the estimates of 45 and bb that refer to the coefficients attached to conditional volatility of interest rates, the variables included in Equation (8b). As a measure of uncertainty that surround interest rates, conditional volatilities of interest rates have significantly positive impact on listed real estate risk during the bear state of the market in the majority of cases. The negative effect is evident during the stable periods on the real estate market, although the evidence is somehow weaker. 
Conclusion
This study examines the regime-switching behaviour of six international listed real estate markets selected among the ten largest real estate equity markets in terms of market capitalization and volume traded, namely Australia, Hong Kong, Japan and Singapore, the U.S. and the U.K. The sample spans from 1993 to 2010 and offers a mixture of regional and regulatory structures. The findings reveal the presence of two quite distinct regimes in country's real estate sector. In general, one regime can be characterized as high return-stable market, while the other regime is found to be low return-volatile. Further, the regimes between listed real estate and the underlying stock market differ substantially in terms of persistence and the overall mean-variance profile.
We also model the impact of the macroeconomic variable such as interest rates within the Dynamic Markov-Switching framework. This framework allows listed real estate returns to shift between low and high volatility states of the sector and offers the separate coefficient estimates for each exogenous variable in respect to the state of the market. Among the findings we find the asymmetries in both listed real estate market returns and volatility reaction to interest rate changes between two variance regimes. In particular, the results are the strongest when real estate markets are in the bear state of the market. When we allow the variables to be state-dependent on the general stock market, it reduces the information content of the model measured by R-square with the asymmetries in variance are found to be much weaker. Finally, we confirm an important characteristic of the securitised real estate sector such as the defensive, counter-cyclical nature of securitised real estate stocks. The sector can also be viewed as a separate disintegrated market from the general equities. This can be potentially useful from the portfolio management point of view since we find that the impact of the potential risk proxies is weaker during the periods of the general market instability.
The presented results provide important implications for the investors' assessment of the securitised real estate interest rate risk. In order to formulate the effective international real estate investment and risk strategies, an investor needs to control for the asymmetries in market responses during the good and bad times. The importance of interest rate risk may be especially critical today when the investors may be less protected against rising interest rates given the current monetary policy environment in vast number of global markets. .354*** 3.277*** 1.840*** 2.107*** 1.596*** 2.320*** 1.397*** 1.799*** 2.954*** 3.285*** 1.479*** 1.816*** (0.069) (0. 
